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Abstract. Contactin 3 (CNTN3) is a member of the contactin 
family that is primarily expressed in the nervous system. 
However, to the best of our knowledge, expression of contactin 
and its role in the development and progression of brain tumours 
has not been studied. Although glioblastoma multiforme (GBM) 
is the most common malignant brain tumour, advances in thera-
peutic options for patients with GBM have been modest due 
to an incomplete understanding of the molecular mechanisms 
underlying development and progression. The aim of the present 
study was to examine the correlation between CNTN3 and its 
associated genes and the clinical outcome in patients with GBM. 
CNTN3 and the expression levels of associated genes were 
analysed in GBM datasets obtained from the SAGE Anatomical 
viewer website, Gene Expression Omnibus, Oncomine and The 
Cancer Genome Atlas. CNTN3 was significantly downregulated 
in patients with GBM. Subsequently, the expression of CNTN3 
was further validated using immunohistochemistry in a cohort 
of GBM specimens. The immunohistochemistry results were 
consistent with the in silico analyses. Kaplan‑Meier analysis 
indicated that patients with lower expression levels of CNTN3 
had a significantly shorter overall survival (OS) time compared 
with patients with higher levels of CNTN3 expression. Univariate 
and multivariate Cox regression analyses demonstrated that 
CNTN3 expression was an independent prognostic indicator 
in patients with GBM. Furthermore, gene set enrichment 
analysis revealed that CNTN3 was associated with the receptor 
tyrosine‑protein kinase (ErbB) signalling pathway. In the ErbB 
signalling pathway, epidermal growth factor receptor (EGFR) 
was negatively correlated with CNTN3. Taken together, these 

data suggest that lower expression levels of CNTN3 may be an 
independent biomarker that predicts poor OS time in patients 
with GBM, and that EGFR expression in the ErbB pathway may 
be associated with CNTN3 expression.

Introduction

Glioblastoma, also known as glioblastoma multiforme (GBM), 
is the most common cancer of the central nervous system, 
accounting for >80% of all brain tumours (1). GBM has an 
annual incidence of 5.26 cases per 100,000 individuals, with 
17,000 new cases being diagnosed each year (2). Due to rapid 
proliferative rate and a characteristic invasive nature, the survival 
rate of patients with GBM remains low (1). Typically, patients 
with GBM survive for 12‑15 months after diagnosis, with only 
3‑5% of individuals surviving >5 years (3). The underlying cause 
of the majority of cases is unclear. Identifying biomarkers of 
GBM may improve the diagnosis and prognosis of patients, and 
provide novel therapeutic targets for treating patients with GBM.

The contactin (CNTN) proteins are a subgroup of proteins, 
which belong to the immunoglobulin (Ig) superfamily 
of proteins, and are primarily expressed in the nervous 
system. CNTNs consist of six members: CNTN1, CNTN2 
[transient axonal glycoprotein 1 (TAG‑1)], CNTN3 [brefeldin 
A‑inhibited guanine nucleotide‑exchange protein 1 (BIG)‑1; 
plasmacytoma‑associated neuronal glycoprotein (PANG)], 
CNTN4 (BIG‑2), CNTN5 (neural recognition molecule NB‑2) 
and CNTN6 (neural recognition molecule NB‑3)  (4). The 
expression of CNTN3 mRNA is developmentally regulated 
and reaches its highest level in the adult brain (5). CNTN3 
is also termed PANG or BIG‑1, and was discovered in the 
endoplasmic reticulum of plasmacytomas (6). CNTN3 is a 
membrane protein anchored by glycosylphosphatidylino-
sitol, with six Ig‑like domains and four‑fibronectin type III 
repeats, and it belongs to the TAG‑1/F3 subgroup of the Ig 
superfamily of proteins  (5). The CNTN3 gene is located 
at 3p26 in the genome (7) and its expression is restricted to 
certain subsets of neurons, including the cerebellar Purkinje 
cells, the granule cells of the dentate gyrus and the neurons 
in the superficial layers of the cerebral cortex (1). CNTN3 
may function in the formation and maintenance of specific 
neuronal networks (6,8‑11). Bouyain and Watkins (12) found 
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that CNTN3 interacts with the receptor protein tyrosine 
phosphatases γ and is involved in the construction of neural 
networks. The expression and function of CNTN3 in different 
types of cancer have not been thoroughly investigated. A 
previous study suggested that CNTN3 is a potential target 
gene of hsa‑miR‑3675b in breast cancer, and by using gene 
ontology analysis, it was demonstrated that CNTN3 may be 
associated with cell proliferation, apoptosis and cell cycle 
progression (13). However, to the best of our knowledge, the 
biological role of CNTN3 in GBM remains unknown.

In the present study, microarrays and sequencing datasets 
were analysed to elucidate the clinical value of CNTN3 in 
GBM and the associated molecular mechanisms. The expres-
sion of CNTN3 in GBM was compared with that in normal 
tissues using SAGE Anatomical viewer, Gene Expression 
Omnibus (GEO), Oncomine and The Cancer Genome Atlas 
(TCGA) databases. The expression of the CNTN3 protein 
was examined in microarrays from GBM tissues. The clinical 
data were used to determine the prognostic value of CNTN3 
in patients with GBM. The pathways associated with CNTN3 
were determined using gene set enrichment analysis (GSEA) 
and interaction networks were constructed using Search Tool 
for the Retrieval of Interacting Genes/Proteins (STRING) 
database and Cytoscape analysis.

Materials and methods

SAGE anatomical viewer. The SAGE Anatomical Viewer 
(cgap.nci.nih.gov/sage/anatomicviewer) is a website estab-
lished by the National Cancer Institute (Bethesda, MD, USA) 
that displays gene expression in normal and malignant human 
tissues by shading a given organ in one of 10 colours, depicting 
differing levels of gene expression. CNTN3 expression (the 
NM_020872 transcript) was found to be present in both 
normal and cancer tissues. The tag with the highest rank and 
the highest frequency was selected for CNTN3 gene, and the 
sequence was AGATATGCAC.

GEO and TCGA datasets. GEO is a public functional genomics 
data repository in which gene array and sequence‑based data are 
accepted (https://www.ncbi.nlm.nih.gov/geo/). GSE4290 (14) 
and GSE7696 (15) microarray datasets were obtained from the 
GEO database. GSE4290 contained data from 81 GBM samples 
and 23 samples from patients with epilepsy, which were used 
as the non‑tumour samples. GSE7696 contained samples from 
80 patients with GBM whom participated in clinical trials and 
4 samples of normal brain tissue. Transcription and clinical 
data for patients with GBM were also downloaded from the 
TCGA website (https://cancergenome.nih.gov/), and consisted 
of 156 GBM samples and 5 normal tissues.

Data processing. Raw data were downloaded and normalised 
using the multi‑array average analysis method (16) in R version 
3.4.4 (17). Differentially expressed genes were identified with 
the Limma package (18), and a fold change of >2 and P<0.05 
were set as the cut‑offs.

Oncomine database analysis. CNTN3 mRNA levels in 
normal and GBM tissues were compared in the Oncomine 
database (www.oncomine.org). CNTN3 mRNA levels were 

downregulated in the GBM samples from the ‘Sun Brain’ (14) 
and ‘Murat Brain’ (15) datasets in the Oncomine database. 
CNTN3 levels were also compared across these two datasets. 
The rank for a gene was the median rank for that gene across 
each of the analyses. The P‑value for a gene was its P‑value for 
the median‑ranked analysis.

Immunohistochemistry. A GBM tissue microarray was purchased 
from Shanghai Outdo Biotech Co., Ltd., which contained 67 
GBM and 13 adjacent normal brain tissue samples. All of the 
patients had been pathologically diagnosed with GBM. The 
thickness of tissue sections was 4 µm. Two serial tissue sections 
were prepared for CNTN3 and EGFR detection. The tissue 
slides were deparaffinised in xylene and rehydrated gradually in 
100, 85 and 75% alcohol. Next, the slides were treated with 3% 
H2O2 for 15 min, autoclaved in 10 mM citric sodium (pH 6.0) 
for 30 min to permeabilize the samples, rinsed in PBS and then 
incubated with a primary antibody against CNTN3 (Abcam; cat. 
no. ab203592; 1:100) or EGFR (Proteintech; cat. no. 18986‑1‑AP; 
1:500) at 4˚C overnight. This was followed by incubation 
with biotinylated anti‑rabbit IgG (OriGene Technologies, 
Inc.; cat. no. TA130016; 1:200) for 30 min at 37˚C and then 
peroxidase‑labelled streptavidin (OriGene Technologies, Inc.; 
cat. no. AR100017; 1:100) for 15 min at 37˚C. The signals were 
visualised using a diaminobenzidine substrate kit (ZSGB‑BIO; 
OriGene Technologies, Inc.) according to the manufacturer's 
protocol. CNTN3 immunostaining score was determined using 
a semi‑quantitative approach. The percentage of stained cells 
in each sample was scored as follows: 0, 0; 1, 1‑25; 2, 26‑50; 
3, 51‑75; and 4, 76‑100%. The intensity of staining was scored 
as follows: 0, negative; 1, weak staining; 2, moderate staining; 
and 3, strong staining. The final staining score was the intensity 
score multiplied by the percentage score. A final staining score 
<6 was classified as negative CNTN3/EGFR expression and a 
score ≥6 was classified as positive CNTN3/EGFR expression.

Statistical analysis. The mRNA expression and protein 
expression between different groups was compared respec-
tively using t‑test and Mann Whitney U test, and correlations 
were evaluated using Pearson's correlation analyses. The 
associations between the CNTN3 expression levels and the 
clinicopathological features were evaluated using χ2 test. 
Kaplan‑Meier estimator curves and log‑rank test were used 
for the survival analysis. Univariate and multivariate survival 
analyses were performed using Cox's proportional hazards 
model. The data are presented as the mean ± the standard 
error the mean. P<0.05 was considered to indicate a statisti-
cally significant difference. All of the statistical analyses were 
performed using SPSS version 21.0 (IBM Corp.).

Identifying potential molecular mechanisms of CNTN3 
expression in GBM. GSEA 3.0 (Broad Institute, Inc.)  (19) 
was used to detect the expression changes of gene sets 
associated with CNTN3. The annotated gene sets c2.cp.
kegg.v6.0.symbols.gmt were selected as the reference gene 
sets. A false‑discovery‑rate of <0.05 was used as the cut‑off 
criteria. STRING (http://string‑db.org) was used to identify the 
potential interaction networks between proteins encoded by 
these genes. Cytoscape version 2.8.3 (20) software was used to 
construct interaction networks between the proteins in GBM.
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Results

CNTN3 gene expression in GBM and normal tissues. The 
gene expression levels of CNTN3 between cancer and matched 
normal tissues were analysed using SAGE anatomical viewer 
with tag. CNTN3 mRNA expression was downregulated in 
brain and kidney cancer tissues when compared with that in 
normal tissues (Fig. 1A). Analysing the GEO datasets revealed 
that the gene expression level of CNTN3 was significantly 

lower in GBM compared with that in normal tissue in the 
two datasets (both P<0.05; Fig.  1B). CNTN3 expression 
was downregulated in the GSE4290 (fold‑change, ‑12.218; 
P=4.64x10‑26) and GSE7696 (fold‑change, ‑13.6; P=2.07x10‑06) 
datasets. The median rank of CNTN3 was 353.3 based on a 
meta‑analysis across the two datasets using Oncomine algo-
rithms (P=1.03x10‑6; Fig. 1C). Similarly, CNTN3 was also 
downregulated in GBM in the dataset obtained from TCGA 
(fold‑change, ‑5.855; P=1.32x10‑24; Fig. 1D).

Figure 1. CNTN3 expression is downregulated in patients with GBM. (A) SAGE anatomic viewer expression profile for CNTN3 was compared in a range 
of different types of cancer and normal tissues. (B) Analysis of CNTN3 expression levels in patients with GBM and normal tissues from two gene data-
sets. *P<0.0001. (C) A meta‑analysis of CNTN3 gene expression from two Oncomine databases where the coloured squares indicate the median rank of 
CNTN3. (D) The Cancer Genome Atlas dataset was used for bioinformatics analysis to validate CNTN3 mRNA expression in GBM. CNTN3, contactin 3; 
GBM, glioblastoma multiforme *P<0.0001.
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Immunohistochemistry staining was performed on the 
GBM tissue microarray. CNTN3 was primarily located 
in the cytoplasm of neuronal cells and its expression was 
downregulated in GBM tissues (Fig. 2A). Positive CNTN3 
expression was observed in 92.3% (12/13) of the adjacent 
normal brain tissues and in 13.4% (9/67) in the GBM tissues 
(P<0.0001; Fig. 2B).

Clinical and prognostic value of CNTN3 in GBM patients. 
The association between CNTN3 expression and the clinico-
pathological features of patients was statistically analysed in 
the GSE7696 dataset as it had survival data and other clinical 
data. Clinical parameters consisted of sex, age, treatment 
method (temozolomide with radiotherapy or radiotherapy 
alone) and O6‑methylguanine‑DNA methyltransferase 

(MGMT) methylation status. There was no significant associa-
tion between CNTN3 expression and any of the parameters 
(all P>0.05; Table I).

To determine the prognostic significance of CNTN3 
expression in patients with GBM, Kaplan‑Meier survival 
analysis was used to evaluate the association between CNTN3 
expression and survival in the GS7696 dataset (Fig. 3A). The 
data was divided into high‑ and low‑expression subgroups 
based on the median CNTN3 expression, 15.58. The median 
overall survival (OS) time was 14.140 months [95% confidence 
interval (CI), 10.933‑17.347] in the low expression group and 
17.070 months (95% CI, 15.288‑18.852) in the high expres-
sion group. A log‑rank test demonstrated that patients with 
low CNTN3 expression had a significantly shorter OS time 
compared with those with high CNTN3 expression (P=0.013; 

Figure 2. Expression of CNTN3 in GBM and adjacent normal brain tissues. (A) Representative immunohistochemical stains of CNTN3 expression in GBM 
and normal brain tissues. (B) CNTN3 expression was significantly higher in the normal tissues compared with that in the GBM tissues. The scores of CNTN3 
in GBM and normal brain tissues were analysed by Mann Whitney U test. CNTN3, contactin 3; GBM, glioblastoma multiforme.

Figure 3. Kaplan‑Meier analysis of OS in patients with GBM. (A) OS analysis of patients with GBM based on CNTN3 mRNA expression levels in the GSE7696 
dataset. Cutoff value, 4.3; P=0.013. (B) Association between CNTN3 expression and OS was performed on TCGA dataset. Cutoff value, 1.1; P=0.015. CNTN3, 
contactin 3; GBM, glioblastoma multiforme; OS, overall survival; TCGA, The Cancer Genome Atlas.
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Fig. 3A). Survival analysis was additionally performed on the 
TCGA‑GBM dataset. The median OS time was 12.833 months 
(95% CI, 10.897‑14.770) in the low expression group and 
25.7 months (95% CI, 17.176‑40.950) in the high expression 
group, with survival being significantly shorter in the low 
expression group (P=0.015; Fig. 3B).

Kaplan‑Meier survival analysis was also performed to 
investigate the prognostic value of CNTN3 protein expression 
on the survival rate of patients with GBM. The OS rate of 
patients with tumours that did not express CNTN3 was signifi-
cantly lower compared with that of patients with tumours 
positive for CNTN3 expression (P=0.001; Fig. 4).

Table I. Association of CNTN3 expression with the clinicopathological characteristics of patients with GBM.

	 CNTN3 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological characteristics	 Total, n	 Low, n	 High, n	 P‑value

Sex				    0.799
  Male	 59	 29	 30	
  Female	 21	 11	 10	
Age, years				    0.264
  ≤60	 64	 30	 34	
  >60	 16	 10	 6	
Treatment				    0.348
  TMZ + radiotherapy	 52	 24	 28	
  Radiotherapy	 28	 16	 12	
MGMT				    0.171
  Methylation	 44	 19	 25	
  No methylation	 34	 20	 14	
  Unknown	 2	 1	 1	

CNTN3, contactin 3; GBM, glioblastoma multiforme; TMZ, temozolomide; MGMT, O6‑methylguanine‑DNA methyltransferase.

Figure 4. Kaplan‑Meier curves of OS. High expression levels of CNTN3 were 
associated with improved OS. CNTN3, contactin 3; OS, overall survival.

Table II. Univariate and multivariate Cox proportional hazard regression analysis.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Clinicopathological characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age, ≥60 vs. <60 years	 1.033	 1.003‑1.065	 0.031a	 1.019	 0.990‑1.048	 0.212
Sex, male vs. female	 0.864	 0.496‑1.505	 0.605	‑	‑	‑  
CNTN3, high vs. low expression	 0.823	 0.693‑0.978	 0.027a	 0.822	 0.691‑0.977	 0.026a

Treatment, TMZ + radiotherapy vs. radiotherapy	 0.549	 0.328‑0.919	 0.023a	 0.534	 0.310‑0.920	 0.024a

MGMT, methylation vs. no methylation	 3.971	 2.273‑6.937	 <0.001	 4.324	 2.401‑7.788	 <0.001

aP<0.05. CNTN3, contactin 3; TMZ, temozolomide; MGMT, O6‑methylguanine‑DNA methyltransferase; HR, hazard ratio; CI, confidence interval.

Table III. Association between CNTN3 and EGFR expression 
in the tissue microarray.

	 CNTN3 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
EGFR expression	 Negative, n (%)	 Positive, n (%)	 P‑value

Negative	 28 (47.5)	 16 (76.2)	 0.023a

Positive	 31 (52.5)	 5 (23.8)	

aP<0.05. EGFR, epidermal growth factor receptor; CNTN3, contactin 3.
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Univariate and multivariate Cox regression analyses were 
performed to confirm the possibility that CNTN3 may be 
useful as an independent prognostic factor in patients with 
GBM. Univariate analysis demonstrated that a low expression 
level of CNTN3 (P=0.027), age ≥60 (P=0.031), treatment with 
radiotherapy (P=0.023) and MGMT methylation (P<0.001) 
were significantly associated with a poor clinical outcome 
in GBM cases (Table  II). Multivariate analysis further 
identified that low expression levels of CNTN3 (P=0.026), 
treatment with radiotherapy (P=0.024) and MGMT methyla-
tion (P<0.001) were independent prognostic factors in patients 
with GBM (Table II).

Potential molecular mechanisms involving CNTN3 in patients 
with GBM. To gain insight into the molecular mechanism 
involving CNTN3 in patients with GBM, GSEA was used 
to determine whether the CNTN3 gene and associated genes 
were involved in any oncogenic pathways. The results from the 
two GEO datasets revealed that CNTN3 was associated with 
the ErbB signalling pathway (Fig. 5A and B). The 18 genes in 
this pathway that were associated with CNTN3 were EGFR, 
NRG3, CAMK2G, PIK3R1, PTK2, ERBB3, PAK1, PRKCB, 
PAK3, PAK7, CDKN1B, SHC3, PAK6, MAPK8, MAPK9, 
MAPK10, MAP2K1 and MAP2K4. The PPI network showed 

that these genes exhibited complex interactivity with each 
other (Fig. 5C). EGFR was amplified in 40‑50% of primary 
GBMs and is thought to participate in tumour cell invasion, 
angiogenesis and proliferation (21). Therefore, the correlation 
between the expression of EGFR and CNTN3 was analysed. 
EGFR expression levels were negatively correlated with 
CNTN3 expression in the GSE4290 (P<0.001; Fig. 6A) and 
GSE7696 (P<0.001; Fig. 6B) datasets. Additionally, the expres-
sion of CNTN3 was positively correlated with the expression 
of MAPK8, MAPK9 and MAPK10, which are downstream of 
EGFR (22) (Fig. 7).

EGFR expression in the tissue microarray was also 
detected. EGFR was primarily located in the cytoplasm 
and nucleus of neuronal cells (Fig.  8A) and its expres-
sion was upregulated in GBM tissues (Fig.  8B). Positive 
EGFR expression was observed in 15.4% (2/13) of adjacent 
normal brain tissues, and in 50.7% (34/67) of GBM samples 
(P=0.037, Fig. 8B).

A similar negative correlation was observed between 
CNTN3 and EGFR expression in the tissue microarray; 52.5% 
(31/59) of brain tissue with low CNTN3 expression showed 
high EGFR expression and 76.2% (16/21) of brain tissue 
with high CNTN3 expression showed low EGFR expression 
(P=0.045; Table III).

Figure 6. Correlation between CNTN3 and EGFR expression levels. Expression of CNTN3 correlates with EGFR gene expression in (A) GSE4290 and 
(B) GSE7696 datasets. CNTN3, contactin 3; EGFR, epidermal growth factor receptor; cor, correlation.

Figure 5. Correlation of CNTN3 expression with the ErbB signalling pathway signatures. Gene sets enrichment analyses showing that CNTN3 expression was 
associated with ErbB signatures in (A) GSE7696 and (B) GSE4290 datasets. (C) Protein‑protein interaction network of proteins involved in the ErbB signalling 
pathway. CNTN3, contactin 3; ErbB, receptor tyrosine‑protein kinase; NES, normalized enrichment score.
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Discussion

In the present study, the expression level of the CNTN3 gene 
was compared in  silico between patients with GBM and 
non‑tumour tissues (normal brain tissues and non‑tumour 
tissues from patients with epilepsy) across independent data-
sets. Expression of the CNTN3 gene was decreased in the GBM 
samples, and was negatively correlated with OS. Univariate 
and multivariate analysis revealed that CNTN3 expression 
was an independent prognostic factor in patients with GBM. 
These analyses suggest that CNTN3 may serve as a potentially 
protective factor in GBM. To gain further insights into the role 
of CNTN3, GSEA analysis was used. CNTN3 was associated 
with the ErbB signalling pathway. As the most commonly 
altered gene, EGFR exhibited expression that was negatively 
correlated with CNTN3. To the best of our knowledge, this 
is the first study on the clinicopathological and prognostic 
significance of CNTN3 in GBM.

The function of CNTN3 has not been thoroughly 
investigated. Cell adhesion/recognition molecules of the 

immunoglobulin (Ig) superfamily serve vital roles in forming 
and maintaining the nervous system (8). CNTN3 belongs to 
the Ig superfamily of proteins and its function is primarily 
associated with the properties of this family. Akane et al (23), 
illustrated that the rat ortholog of CNTN3, Cntn3, functions in 
neurite outgrowth‑promotion, and when treated with glycidol 
at 1,000 ppm, axonopathy occurred and the expression of 
CNTN3 was altered. Morales et al  (10), found an isolated 
cryptic proximal interstitial 3p deletion, del(3) (p12.3p13) in 
a patient with neurodevelopmental delay. Since this deletion 
site is where the CNTN3 gene is located, it was hypothesized 
that CNTN3 may serve a role in neuronal development. 
Subsequently, Hu et al (9) found that deletion or duplication of 
CNTN6 were associated with neurodevelopmental disorders. 
However, Monies et al (24) found that possessing additional 
copies of CNTN3 was not associated with the aforementioned 
phenotypes. The present study highlights the potential role of 
CNTN3 in GBM and its use as a prognostic biomarker.

The ErbB receptor family of tyrosine kinases is comprised 
of four members, EGFR (ErbB1/HER1), ErbB2 (HER2/neu), 

Figure 8. Expression of EGFR in GBM and adjacent normal brain tissues samples. (A) Representative immunohistochemical stains of EGFR expression in 
GBM and normal brain tissues. (B) EGFR expression was significantly higher in the GBM tissues compared with that in the normal tissues. EGFR, epidermal 
growth factor; GBM, glioblastoma multiforme.

Figure 7. Correlation between CNTN3 expression and (A) MAPK8, (B) MAPK9 and (C) MAPK10 expression. CNTN3, contactin 3; MAPK8, mitogen‑activated 
protein kinase 8; MAPK9, mitogen‑activated protein kinase 9; MAPK10, mitogen‑activated protein kinase 10; TPM, transcripts per million kilobase.
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ErbB3 (HER3) and ErbB4 (HER4)  (25). Aberrations in 
EGFR are the most common oncogenic alterations in patients 
with GBM, and are associated with tumour malignancy and 
a poor prognosis (26). As EGFR expression was negatively 
correlated with the expression of CNTN3, CNTN3 may 
inhibit EGFR expression physiologically. When CNTN3 is 
downregulated, such as in GBM, EGFR may be aberrantly 
activated and initiate the ErbB signalling pathway to promote 
tumour growth and invasion. The signalling pathways medi-
ated by EGFR activation include the RAS/mitogen‑activated 
protein kinase (MAPK)/extracellular signal‑regulated kinase, 
PI3K/protein kinase B, Janus kinase/signal transducer and 
activator of transcription and protein kinase C pathways (27). 
In the present study, the expression of CNTN3 correlated 
with the expression of MAPK8, MAPK9 and MAPK10, 
which are downstream of EGFR, and therefore these findings 
suggest that CNTN3 may regulate the properties of GBM by 
ErbB‑MAPK pathway. As the present study was based on 
results from bioinformatic analyses and tissue microarrays, 
additional studies are required to determine the association 
between CNTN3 and the malignant properties of GBM 
in vitro and in vivo, such as cell proliferation, self‑renewal, 
angiogenesis and drug‑resistance.

In conclusion, the present study demonstrates that CNTN3 is 
downregulated in patients with GBM, and CNTN3 expression 
is negatively correlated with OS. CNTN3 may be functionally 
associated with the EGFR signalling pathway, as the expres-
sion of EGFR and CNTN3 were negatively correlated. CNTN3 
may be used as a prognostic marker and a potential therapeutic 
target for patients with GBM.
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